A bioassay-guided puriˆcation procedure from the methanol extract of Sarcodon scabrosus led to the isolation of several anti-in‰ammatory compounds: sarcodonin A (1) and G (2), and related compounds (3, 4 and 5). We named these related compounds neosarcodonin A (3), B (4) and C (5) and elucidated their structures on the basis of spectral data. Topical application of each of these compounds to mouse ears suppressed TPAinduced in‰ammation. Neosarcodonin C (5) exhibited the highest activity and inhibited the TPA-induced edema on mouse ears by up to 87% with a 200-mg application.
A bioassay-guided puriˆcation procedure from the methanol extract of Sarcodon scabrosus led to the isolation of several anti-in‰ammatory compounds: sarcodonin A (1) and G (2) , and related compounds (3, 4 and 5) . We named these related compounds neosarcodonin A (3), B (4) and C (5) and elucidated their structures on the basis of spectral data. Topical application of each of these compounds to mouse ears suppressed TPAinduced in‰ammation. Neosarcodonin C (5) exhibited the highest activity and inhibited the TPA-induced edema on mouse ears by up to 87% with a 200-mg application.
Key words: anti-in‰ammation; Sarcodon scabrosus; TPA; neosarcodonin During the course of our search for anti-in‰amma-tory compounds from mushrooms, we found that the methanol extract of Sarcodon scabrosus suppressed the TPA-induced edema on mouse ears.
S. scabrosus, a mushroom belonging to the Boraginaceae family, grows under pine trees. It has a bitter taste and therefore is not edible. In 1989, Shibata et al. isolated a bitter compound from the fruiting body of S. scabrosus and called it sarcodonin G. 1) This is one of the diterpenes of the cyathane family which has a tricyclic carbon skeleton. 2, 3) In 1998, they further isolated sarcodonins A, L and M and reported that these compounds showed anti-bacterial activity. 4) Oshima et al. have also reported that related compounds from the same fungus stimulated the synthesis of the nerve growth factor. [5] [6] [7] However, there is no report about anti-in‰ammatory compounds from S. scabrosus. We isolated the antiin‰ammatory compounds from the fruiting body of S. scabrosus and identiˆed them as sarcodonin A (1) and G (2), and three new anti-in‰ammatory diterpenoids, namely neosarcodonins A (3), B (4) and C (5). We describe in this paper the structures and anti-in‰ammatory activities of these newly identiˆed compounds.
The puriˆcation of the anti-in‰ammatory compounds was guided by the mouse ear in‰ammation test.
8) The methanol extract of the fruiting body of Sarcodon scabrosus was successively partitioned with hexane W water, and then ethyl acetate W water. The ethyl acetate-soluble fraction showed strong antiin‰ammatory activity (IE of 93z at a dose of 2 mg). This fraction was chromatographed on silica gel and on ODS to give sarcodonins A (1) and G (2), and new sarcodonin-related compounds, neosarcodonins A (3), B (4) and C (5).
Sarcodonin A (1) and G (2) were identiˆed by comparing their spectral data with those of authentic samples. 1, 4) The high-resolution EI mass spectrum (HREIMS) of compound 3 showed a molecular ion peak at m W z 348.2312 which indicated the molecular formula of C21H32O4. The IR spectrum of 3 exhibited the presence of a hydroxyl (3400 cm "1 ) and a carbonyl function (1680 cm "1 ). As can be seen from (2), except for the signals denoting a methoxy group (dC 59.3, dH 3.45) and the two oxygen-bearing methines, and the absence of signals for a ketone and a methylene found in 2. These observations and the HMBC spectrum of 3 revealed the structure of 3 to be 14,14O-dihydro-13-methoxysarcodonin G which is shown in Fig. 1 .
In the NOESY spectrum of 3, a NOE correlation was found between a methyl (H3-17) at C17 and a methine (H-5) at C5. This indicates that the stereochemistry of the ring junctions of rings A, B and C was the same as that of sarcodonin G. NOEs were also found between H3-16 and H-14, and between H-14 and H-13. Therefore, a methoxy group at C13 and a hydroxyl group at C14 were located on the b plane on the opposite side of a C16 methyl group. The dihedral angle of H-C14-C13-H for this conformation was about 80 degrees. This concurs with the 181 Anti-in‰ammatory Compounds from Sarcodon scabrosus coupling constant between H-14 and H-13 being almost zero. Thus, the structure of 3 is 14,14O-dihydro-14b-hydroxy-13b-methoxy-sarcodonin G.
The HREIMS data for compound 4 showed a molecular ion peak at m W z 348.2289 which indicates the molecular formula of C21H32O4. The IR spectrum of 4 showed absorption bands at 3400 cm "1 for a hydroxyl group and at 1680 cm "1 for the carbonyl of a formyl group. The 13 C-and the 1 H-NMR spectra were similar to those of 3. These spectra showed the presence of a formyl (dC 192.9, dH 9.46), a hydroxy methyl (dC 65.9, dH 3.46), two double bonds (dC 158.4, dH 7.18; dC 145.2; dC 145.1; dC 135.1), two oxygen-bearing methines (dC 70.4, dH 4.60; dC 76.1, dH 4.78), and three methyls (dC 15.8, dH 0.73; dC 24.7, dH 1.17; dC 15.2, dH 0.94). The similarity of these data to those of 3 suggests that compound 4 was a regio-isomer of compound 3. A detailed assignment of the NMR data together with the HMBC spectrum revealed the structure of 4 to be that shown in Fig. 1 . In the NOESY spectrum, NOE correlations were observed between H3-17 and H-5, between H3-16 and H-14, between H3-16 and Ha-10, and between H-14 and H-13. These results indicate that the hydroxyl group at C14 was located on the b plane of ring C. Additionally, the presence of a signal due to a hydrogen-bonded hydroxyl group of C14 of dH 4.65 (d, J＝11.8 Hz) in the 1 H-NMR spectrum conˆrms that the orientation of the methoxy group at C11 was b, the same as that of the hydroxyl group at C14. We thus concluded the structure of 4 to be that shown in Fig. 3 .
The HREIMS data for compound 5 showed a base peak at m W z 362.2452 which coincides with a dehy- drate ion (C22H34O4) from C22H36O5. Thus, compound 5 must have the molecular formula of C22H36O5. The IR spectrum of 5 showed absorption bands for a hydroxyl at 3420 cm "1 and for a double bond at 1680 cm "1 . The 1 H-NMR spectrum of 5 indicated the presence of three methyls (dH 0.81; dH 1.08; dH 0.93) and a hydroxy methyl (dH 3.43). The 13 C-NMR data for 5 also showed oleˆnic carbons (dC 134.1; dC 145.2), three oxygen-bearing methines (dC 80.7; d C 81.0; d C 92.5), a hydroxy methyl (d C 65.7) and two methoxy carbons (dC 56.7; dC 56.8). These spectral features are similar to those of 4, except for the absence of a formyl and one double bond, and for the additional signals of a methoxy (dC 56.8) and a methine (d C 104.4, d H 5.19, d, J＝11.5 Hz) assignable to a hemiacetal function. These data and the HMBC spectrum of 5 revealed the structure of 5 to be that shown in Fig. 1 . A detailed analysis of the coupling constant in the 1 H-NMR data led to the assignment of the stereo-structure of the C ring, in which the methoxy at C11 is located on the a plane, and the methoxy at C13 is on the b plane as shown in Fig. 2 . The observation of NOEs between H3-16 on the a plane and Ha-10, H3-16 and H-14, H-13 and H-14, H-13 and H-12, and H-13 and Ha-10 conˆrmed the stereo structure of 5. In the 1 H-NMR spectrum, a hydroxyl group of the hemiacetal function was observed as a doublet at dH 3.73, this being coupled with a methine at C15 (dH 5.19). D2O treatment of the NMR sample of 5 caused the disappearance of the hydroxyl signal and a change in the doublet of the methine signal (dH 5.19) to a singlet. The hydrogen bond between a hydroxyl of the hemiacetal and a methoxy at C13 indicates the hydroxyl group of the hemiacetal to be located as shown in Fig. 2 . We conrmed from these data the structure of 5 to be that shown in Fig. 3 .
The mouse ear in‰ammation test was used to evaluate the anti-in‰ammatory activity of each isolat-ed compound. Compounds 1, 2, 3, 4 and 5 strongly suppressed the TPA-induced edema up to IE of 75z, 84z, 49z, 64z and 87z, respectively, at 200 mg when painted on the mouse ear. This activity is comparable to that of glycyrrhetic acid and indomethacin at a 500-mg application (data not shown); glycyrrhetic acid and indomethacin only respectively inhibited up to IE of 24z and 19z at a 200-mg application.
Among the isolated diterpenes, neosarcodonin C (5), which had a hemiacetal structure, was the most active. Neosarcodonin C (5) had no nucleophilic attack site, unlike 1, 2, 3 and 4, such as the a, b-unsaturated carbonyl. The mechanism of action, however, is unclear and there might be a speciˆc target for these cyathane-type diterpenes in epidermal cells. This is theˆrstˆnding of cyathane-type diterpenes exhibiting a more potent anti-in‰ammatory activity than that of indomethacin or glycyrrhetic acid. This type of compound might be a model for new nonsteroidal anti-in‰ammatory agents.
Experimental
Instruments. Optical rotation values were measured in methanol by a JASCO Dip 1000 polarimeter, and mass spectra were measured by a JEOL JMS 700 mass spectrometer.
1 H-and 13 C-NMR spectra were recorded by a Bruker DR500 FT-NMR spectrometer operating at 500.1 MHz for the protons and at 125.8 MHz for the carbons, with TMS used as the internal standard. IR spectra were taken with a JASCO IR spectrometer.
Isolation of the compounds. The fruiting body of Sarcodonin scabrosus was collected in Nagano prefecture of Japan during October 1999. The material (17 kg) was soaked in methanol at room temperature for one week, and the methanolic extract was concentrated in vacuo. The resulting concentrate was successively partitioned between hexane and water, and then between ethyl acetate and water. An aliquot of the ethyl acetate-soluble part (15.0 g) was chromatographed on silica gel (Wako C300, 350 g) with an ethyl acetate W hexane mixture (1000 ml each) by 10z stepwise elution. Strong anti-in‰am-matory activity was found in those fractions that had been eluted with 40z-100z ethyl acetate in hexane.
The 60z ethyl acetate W hexane eluate was further puriˆed by column chromatography on silica gel (Wako C300) with 30z acetone W hexane (2000 ml). Each 10 g of the eluate was collected in a test tube. Fractions no. 15-30 were successively chromatographed on silica gel (Wako C300) with 20z ethyl acetate W benzene (500 ml), 30z ethyl acetate W benzene (300 ml) and 60z ethyl acetate W benzene. Each 10 g of the eluate was collected in a test tube. Fractions no. 10-14 wereˆnally puriˆed by HPLC (column, Develosil, ODS-UG-5, 8 mm I.D.×300 mm; ‰ow rate, 3.0 ml W min; eluent, 65z methanol W water). The fractions that had been eluted at tR 15. 5 Anti-in‰ammatory test. The mouse ear in‰amma-tory test was conducted according to Gschwendt's method. 7) TPA and glycyrrhetic acid were respectively purchased from Sigma Chemical Co. and Nacalai Tesque, and indomethacin was from Nacalai Tesque. The experiment complied with the regulations concerning animal experimentation and the care of experimental animals of the Faculty of Agriculture at Shinshu University.
